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1 Introduction

In RAN1#NR ad-Hoc meeting [1], scheduling aspects were discussed and the following agreements related to timing indication were achieved:
Agreements:
· Timing between UL assignment and corresponding UL data transmission is indicated by a field in the DCI from a set of values

· The set of values is configured by higher layer

At the meeting RAN1#86bis [2], it was agreed that 
Agreements:
· For slot-based scheduling, NR specification should support the following

· UL assignment in slot N and corresponding uplink data transmission in slot N+K2

· All UEs should support K2≥1 with exact values for K2 FFS

· Some UEs may support K2=0 (FFS conditions)

Agreements:
· Slot aggregation is supported

· Data transmission can be scheduled to span one or multiple slots

In this contribution, we address some considerations on uplink data scheduling.

2 Discussion
It has been agreed that for slot-based scheduling, the scheduling delays between the UL grant and the corresponding PUSCH (‘K2’) transmission are indicated via a combination of higher layer signaling and indication in the DCI. The exact candidates and values for the scheduling delay K2 depends on various considerations including processing time for PDCCH demodulation and decoding, processing time required for the UE to prepare the UL packet, and the time advance (TA) that the UE may need to apply to transmit the PUSCH. NR will support scheduling functionalities for both data and control with at least the same numerology. Therefore, from the perspective of UE, downlink and uplink will usually have the same numerology shown in Figure 1. As a result, the understanding of uplink scheduling delay K2 is aligned between gNB and UE.
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Figure1. Different scheduling delays between UL grant and corresponding PUSCH.
To reduce processing time for PDCCH demodulation and decoding, downlink of NR carrier may use the numerology with large subcarrier spacing (SCS). For uplink coverage consideration, uplink of NR carrier may use the numerology with a small SCS. Moreover, RAN1#NR Ad-hoc meeting agreed UL-only sharing scenario, where LTE uplink spectrum is shared between LTE and NR, and LTE downlink spectrum is not shared. In addition, RAN4#82bis meeting agreed some NR bands for the UL-only sharing scenario [3]. The NR downlink and uplink carrier within 3.5GHz may use the numerology with 30 kHz SCS, while the NR uplink-only carrier within 1.8GHz may use the numerology with 15 kHz SCS. From the perspective of UE, the downlink and uplink may have the different numerologies. 
For example, for the centre UE, both downlink and uplink data transmissions could rely on 3.5G NR carrier. For uplink coverage limited UE, downlink data transmissions could rely on the downlink of 3.5G NR carrier, and uplink data transmission could rely on 1.8G uplink-only carrier. In addition, the uplink data transmission on 1.8G uplink-only carrier could be supported by cross-carrier scheduling, where uplink grant and corresponding uplink data could be transmitted on NR 3.5G DL and 1.8G UL carrier respectively. However, the NR 3.5G DL may have the numerology with 30 kHz SCS and 1.8G UL carrier may have the numerology with 15 kHz SCS, there may be misalignment about UL grant timing between gNB and UE. In Figure 2, the uplink grant in 3.5G NR downlink slot0 within 30 kHz SCS decides scheduling the uplink transmission in 1.8G uplink slot1 within 15 kHz SCS. In this scenario, which value should be the uplink scheduling delay K2? From the perspective of gNB, timing between UL grant and corresponding UL data transmission should be 2 slots within 30kHz SCS. From the perspective of UE, timing between UL grant and corresponding UL data transmission should be 1 slot within 15 kHz SCS. 
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Figure 2. Which value should be the uplink scheduling delay?
During frame structure discussion, it is agreed that slot aggregation is supported and data transmission can be scheduled to span one or multiple slots, so data transmission duration could be one or slot aggregation shown in Figure 3. One UL grant DCI could schedule one UL slot in one slot scheduling scenario, while one UL grant DCI could schedule multiple UL slots in the slot aggregation scenario, resulting smaller control overhead. In the slot aggregation scenario within different numerology between DL and UL, there still exists the misalignment about UL grant timing between gNB and UE shown in Figure 3 (b). Moreover, which slot aggregation level should be indicated in the UL grant DCI. From the perspective of gNB, the aggregation slots should be 4 slots within 30 kHz SCS. From the perspective of UE, the aggregation slots should be 2 slots within 15 kHz SCS.
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Figure 3. The uplink scheduling delay and data transmission duration for slot based transmission.
Thus, in both slot and slot aggregation scheduling scenarios, uplink scheduling should consider the cases of control and corresponding channel within different numerologies.
Proposal 1: In both slot and slot aggregation scheduling scenarios, uplink scheduling should consider both same and different numerologies between control and corresponding data channel.

In the slot aggregation scheduling scenario, there are two straightforward options to map scheduled data to scheduled slots, namely option 1: 1 TB mapping to N slots, option 2: N TB mapping to N slots. For the option 2, the LTE eLAA UL scheduling can be adopted as a baseline. Compared to option 2, option 1 has the following advantages, such as smaller DCI payloads, lower HARQ-ACK feedback cost, lower CRC overhead, enhanced uplink coverage, flexible HARQ and less HARQ processes requirements. Moreover, the one TB mapping across multiple slots could be also supported in DL slot aggregation scheduling. More details could be founded in another contribution of our company [4]. 
Proposal 2: In the slot aggregation scheduling scenario, UL scheduling should support one TB mapping across multiple slots.
3 Conclusion
Proposal 1: In both slot and slot aggregation scheduling scenarios, uplink scheduling should consider both same and different numerologies between control and corresponding data channel.
Proposal 2: In the slot aggregation scheduling scenario, UL scheduling should support one TB mapping across multiple slots.
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